A novel RHA/PFA/CFA composite adsorbent was synthesized from rice husk ash (RHA), palm oil fuel ash (PFA), and coal fly ash (CFA) by modified sol-gel method. Effect of different parameters such as adsorbent dosage, contact time, and pH were studied using batch experiment to optimize the maximum zinc (Zn The results presented in this study showed that RHA/PFA/CFA composite adsorbent successfully adsorbed Zn 2þ and Ni 2 .
INTRODUCTION
Apart from producing heavy metal-containing wastewater, industrial activities also leave behind a great deal of solid waste in ash form. Some naturally occurring agriculture by-products may serve as low cost adsorbents for heavy metal removal because they are widely available in large quantities, represent unused resources, and are environmentally friendly. However, the adsorption capacity of adsorbents made of agricultural by-products is usually less than synthetic adsorbents, but these materials may offer cost-effective alternative technique for heavy metals'
removal from water and wastewater (Zwain ; Kim & Lee ).
Many attempts have been made to utilize waste materials as an alternative adsorbent, especially wastederived siliceous materials such as rice husk ash (RHA), palm oil fuel ash (PFA), and coal fly ash (CFA). Although RHA, PFA, and CFA have been investigated as adsorbents for pollutants' removal, most of the studies only use one type of ash (with or without modification) and other studies have converted these ashes into activated carbon before use as an adsorbent. Furthermore, no work has been conducted to synthesize a composite adsorbent out of these wastederived siliceous materials.
In addition, an effective method was required to synthesize the composite RHA/PFA/CFA adsorbent. A previous study by Adam & Chua () has shown that RHA adsorbents could be synthesized using sol-gel method in the presence of aluminum ion. They found that this silica-incorporated aluminum is a very promising adsorbent for palmitic acid adsorption. Metal oxides contained in RHA might be essential in the adsorption of this palmitic acid. Therefore, the objective of this research is to investigate the removal of Zn 2þ and Ni 2þ from aqueous solutions using composite RHA/PFA/CFA adsorbent prepared by sol-gel method. Several operating parameters, including adsorbent dosage, contact time, and pH were studied during batch adsorption experiment.
The study also investigates the adsorption isotherms and adsorption kinetics. and Ni 2þ concentrations in metal plating industries wastewater (Bayat ). The elements of RHA, PFA, and CFA were analyzed by X-ray photoelectron spectrometer (XPS, PHI 1600). The properties of the composite RHA/PFA/ CFA adsorbent were also investigated using Fourier transform infrared (FTIR), specific surface area and particle size distribution. The surface functional groups of the adsorbent were detected using FTIR spectroscopy (Perkin Elmer, spectrum 100 Series model). The spectra were recorded from 4,000 to 400 cm À1 . Particle size distribution and specific surface area of the composite RHA/PFA/CFA adsorbents were examined using Mastersizer 2000.
EXPERIMENTAL Adsorbent preparation

Adsorption studies
The experiments of adsorption process were carried out at ambient temperature (27 ± 2 C) in a batch mode. The contents of five 250 mL flasks holding 100 mL of Zn 2þ and Ni 
where C o is the initial metal concentration (mg/L) and C e is the final metal concentration (mg/L) at equilibrium. All the batch experiments were tested three times to increase the data precision, and only the average values of Zn 2þ and Ni 2þ concentrations were reported throughout this study.
Adsorption isotherm studies
Isotherm studies were conducted using five flasks (250 mL), in which synthetic wastewater (100 mL) contained 30 ± 2 mg/L of Zn 2þ and 25 ± 2 mg/L of Ni 2þ . The solution pH was kept constant at 6.5. Different amounts of RHA/PFA/CFA adsorbent (0.2-1 g) were mixed with the synthetic wastewater, and were placed in SK-600 horizontal shaker for 60 min until it reached equilibrium. After certain periods, the samples were filtered and the concentrations of heavy metals were analyzed using DR 2500 spectrophotometer. The adsorption capacity (q e mg/g) at equilibrium time (t), is calculated by
where C o is the initial metal concentration (mg/L), C e is the final metal concentration (mg/L) at equilibrium, V is the sample volume (L), and W is the weight of RHA/PFA/ CFA adsorbent (g).
Adsorption kinetic studies
Kinetic studies were conducted in a series of flasks (250 mL). The metal ion solutions were withdrawn at prescribed time intervals, i.e., 10-60 min, filtered and analyzed for heavy metal concentrations using DR 2500 spectrophotometer. The adsorption capacity q t (mg/g) at time (t), is determined by the following equation:
where C o is the initial metal concentration (mg/L), C t is the metal concentration (mg/L) at any time (t), V is the sample volume (L), and W is the weight of RHA/PFA/CFA adsorbent (g).
RESULTS AND DISCUSSION
Adsorbent characterization
In this study, a composite RHA/PFA/CFA adsorbent was made by combining three different types of ash together. 
Effect of adsorbent amount
By varying the adsorbent amounts from 2 to 10 g/L, the effect of the adsorbent amount was investigated. Table 1 provides the experimental data for Zn 2þ and Ni 2þ adsorption. For all experiments, the concentration of initial The results also showed that maximum removals of Effect of contact time 
Effect of pH
The pH of solution highly affects the adsorption process due to the speciation of adsorbate species, degree of ionization, and changes of charge on adsorbent surface. Figure 5 shows the effect of pH level (range 3-9) on adsorption of and Ni(OH) 2 occurs and contributes to the removal process (Kalyani et al. ) . To prevent metal ion precipitation, the rest of the following experiments were conducted at levels of pH not higher than 7.
Adsorption isotherm
Adsorption isotherm is a key factor to understand the distribution of adsorbate molecules between the solid phase and the liquid phase when the adsorption progress approaches the equilibrium condition. In addition, appropriate correlation of equilibrium curves is an important element to optimize the adsorption system design (Hasan et al. ) . 
where q e is the heavy metal amount in the adsorbent (mg/g) and C e is the heavy metal concentration in the solution (mg/L) at equilibrium. The constant Q o is the adsorption capacity (mg/g) and b signifies the energy of the adsorption (L/mg). Figure 6 shows the plotted straight line of C e /q e versus C e whereby the intercept 1/Q o b and slope 1/Q o can be obtained. (Table 2 ).
In addition, the fundamental feature of the Langmuir isotherm is signified as a dimensionless constant separation factor R L shown by Webi & Chakravort ():
where C o is the highest initial concentration of heavy metals (mg/L) and b is the Langmuir constant. The isotherm shape may be interpreted according to the value of R L as follows: 
where q e is the adsorbed amount (mg/g), C e is the heavy metal concentration (mg/L) at equilibrium, K F and n are Freundlich constants with K F (mg/g (1/mg) 1/n ) being the adsorbent capacity and n is a sign of favorability of adsorption process. The constant K F and exponent n can be determined from Figure 7 (ln q e versus ln C e ). 
The isotherm constants K T and B 1 can be obtained from the q e versus ln C e plotting. K T is the equilibrium binding constant (L/mg) related to the maximum binding energy and constant B 1 is correlated to the adsorption heat. Figure 8 shows the plotted Temkin isotherm with the parameter values listed in Table 2 . Considering the coefficient of determination (R 2 ) presented in Table 2 , the adsorption isotherm study using the RHA/PFA/CFA adsorbent is explained by the 
Adsorption kinetics
In this study, pseudo-first-order and pseudo-second-order equations were used to explore the adsorption mechanism.
The first rate equation was developed by Lagergren () according to the solid capacity for adsorption in liquid/ solid systems. The pseudo-first-order equation is presented by the following equation:
log (q e À q t ) ¼ log q e À k 1 2:303 t
where q e and q t are the heavy metal amounts adsorbed on adsorbent (mg/g) at equilibrium and at time t, respectively.
The log (q e À q t ) versus t was plotted and the slope and intercept determines the pseudo-first-order rate constant k 1
(1/min) ( Figure 9 ).
The kinetic model for pseudo-second-order (Ho & McKay ) is presented as:
where k 2 (g/mg min) is the rate constant of pseudo-secondorder. The applicability of pseudo-second-order kinetics is shown by linear relationship when plotting t/q t versus t.
From the plot of t/q t versus t shown in Figure 10 , the values of q e and k 2 can be calculated from the slope and intercept, respectively, and it is not necessary to know any parameter beforehand.
The parameters (k 1 , k 2 ) of this kinetic study are calculated and tabulated in Table 3 bond is formed, and look for sites that maximize their coordination number with the adsorbent surface (Atkins ). 
